Objectives-Associations between occupational exposures and the occurrence of cutaneous melanoma were examined as part of a large population based case-control study of 19 cancer sites. Methods-Cases were men aged 35 to 70 years old, resident in Montreal, Canada, with a new histologically confirmed cutaneous melanoma (n = 103). There were two control groups, a randomly selected population control group (n = 533), and a cancer control group (n = 533) randomly selected from among subjects with other types of cancer in the large study. Odds ratios for the occurrence of melanoma were calculated for each exposure circumstance for which there were more than four exposed cases (85 substances, 13 occupations, and 20 industries) adjusting for age, ethnicity, and number of years of schooling. Results-Significantly increased risk of melanoma was found for exposure to four substances (fabric dust, plastic dust, trichloroethylene, and a group containing paints used on surfaces other than metal and varnishes used on surfaces other than wood), three occupations (warehouse clerks, salesmen, and miners and quarrymen), and two industries (clothing and non-metallic mineral products). Conclusions-Most of the occupational circumstances examined were not associated with melanoma, nor is there any strong evidence from previous research that any of those are risk factors. For the few occupational circumstances which were associated in our data with melanoma, the statistical evidence was weak, and there is little or no supporting evidence in the scientific literature. On the whole, there is no persuasive evidence of occupational risk factors for melanoma, but the studies have been too small or have involved too much misclassification of exposure for this conclusion to be definitive. (Occup Environ Med 1996;53: 168-173) 
Exposure to the sun in susceptible people is accepted as the major cause of melanoma.' Paradoxically, however, indoor workers seem to have a higher risk of melanoma than outdoor workers.2' There have been suggestions that this is due to different patterns of sun related behaviour in different occupational and social groups, but it is also possible that there are occupational exposures which are associated with melanoma in either a detrimental or, less probably, a protective way.
There have been some attempts to examine occupational exposures and melanoma, but most of these have had extremely few exposed cases, or have been retrospective cohort studies limited to one industry. Very few studies have had access to information on potential confounding factors such as complexion. Many of the population based studies have used deaths rather than incident cases, which is not appropriate for a cancer such as melanoma which has such a low case fatality rate.
A large population based study was undertaken in Montreal between 1979 and 1985 to examine possible associations between cancer and occupational exposures.4 Melanoma was one of the cancer sites included in the study. In a preliminary statistical analysis, estimates were made of the odds ratios (ORs) between each cancer site and each occupational exposure. Several substances, occupations, and industries were found to be associated with melanoma,4 however, this was a fairly crude analysis, with minimal control for potential confounders and little in the way of doseresponse analyses. In this paper, we examine the relation between occupational exposures to substances and melanoma in more detail, taking into account several potential confounding factors.
Methods
The subjects for this study were participants in a large case-control study of hundreds of occupational exposures and 19 cancer sites. This study has been described in detail elsewhere45 and a brief description only will be given here. Subjects were men aged 35 to 70 years, resident in Montreal, and with a new, histologically confirmed cancer. Between 1979 and 1985, there were 4576 eligible cancer patients, and 3730 of these (82%) were successfully interviewed. Eighty one per cent of subjects responded for themselves, proxies provided information for the rest. There were 103 cases of cutaneous melanoma interviewed out of 124 eligible cases (83% response rate). A pool of potential controls (2525 subjects) was constituted from among all the other cancer patients, excluding lung patients.
During the same period, 740 pol controls were selected, in some yea electoral lists and in some years by digit dialing. (In Canada, an active ex tion process results in virtually comply toral lists, with addresses remaining for about two years after an electi these, 533 (71 %) were successfully' viewed and constituted the second group.
A structured questionnaire was l obtain information on several potent founders. These included, age, ethnic father's and mother's origin, birthpla dence for the first 15 years of life, hei weight, years of schooling, annual inco recent hobbies including gardening a door sports. Present income was only a for 60% of subjects. For these sub regression analysis was used to detern relation between self reported inco mean income in the census tract of re This equation was then used to predict for the subjects for whom income info was not available.
A semistructured probing intervi used to obtain detailed descriptions of the subject had had in his working life. of chemists and industrial hygienists e) each completed questionnaire and tr each job into a list of potential expo,: intercontrol used to ial con--origin, substances by means of a checklist form which included 294 substances. For each substance, the chemists noted their degree of confidence that the exposure had actually occurred (possible, probable, definite), the frequency of exposure during a normal working week (<5%, 5%-30%, or >30%), and the concentration of the substance in the environment. These three dimensions were combined as previously described6 to produce three groups: unexposed, insubstantial exposure, and substantial exposure. The few subjects classified as only possibly exposed to a substance were excluded from analysis. Each job was also categorised as to specific occupation and industry by the ce, resi-chemists. [ For most of the industries, occupations, and substances examined in this study the ORs for developing melanoma were not significantly different from 1P0 after controlling for age, ethnicity, and years of schooling. The appendix lists all of the occupational circumstances which were analysed and which did not satisfy the minimum criterion we established for earmarking potential associations; namely, a lower 95% confidence interval (95% CI) greater than 09. One that is noteworthy in this list is the occupation of electric power worker, which had an OR of 2-1 (95% CI 0S6-7 5) based on five exposed cases. A significantly decreased risk of melanoma was found for two substances (lubricating oils and greases, and C ,8+ alkanes). Table 2 shows the industries and occupations for which at least one of the ORs from the multivariate analyses had a lower 95% CI greater than 0 9. Subjects who had spent 10 or more years working in industries manufacturing clothing, non-metallic mineral products, or electrical and electronic products had a significantly increased risk of melanoma. For each of these industries, the point estimate increased with increased time spent working in the industry. For occupations, subjects who had worked as a warehouse clerk or a salesman for 10 or more years were at increased risk of melanoma. Again there was some suggestion of a dose-response trend for these workers. Those who had worked for one to nine years as miners and quarrymen or chemical processing workers were also at increased risk of melanoma. There were very few workers who had worked in these two occupations for 10 or more years. As well as the occupations shown in table 1, there was a significant excess for clerks, but this was entirely due to the excess among the subset of warehouse clerks and is consequently not shown in the table. Table 3 shows the substances for which at least one of the ORs from the multivariate analyses had a lower 95% CI greater than 0 9. For fabric dust, wool fibres, and plastic dust, the point estimate of the OR was higher for subjects with substantial exposure compared with those with insubstantial exposure. We also found a significantly raised risk for substantial exposure to chlorinated alkenes, but all those cases exposed to chlorinated alkenes were also exposed to the more specific group of trichloroethylene so we have omitted the general group from the table.
Discussion
This study has several important advantages over other attempts to study the effect of occupation on melanoma. Because the study was community based rather than industry based we were able to obtain larger numbers of exposed cases than is usually possible; we were able to use incident cases rather than deaths; we had lifelong job histories; we were able to examine a wide range of substances, occupations, and industries; and we had access to information on several confounding factors. However, unlike most community based studies, we also had very detailed exposure assessment information: our method of assessment is acknowledged as the most accurate occupational exposure assessment available at present for community based studies. 7 We also had access to both cancer and population control groups and showed that the estimates of risk of melanoma due to the different occupational circumstances differed little according to which control group was used. The resulting estimates with the pooled controls are less susceptible to any possible bias inherent in the choice of one or other of the control groups.
We were able to obtain information on many but not all potential confounding factors. In particular, we had information on age, socioeconomic status, and ethnicity (which is correlated with complexion). We had no information on number of naevi, although it seems unlikely that this variable, independent of ethnicity, would be correlated so strongly with occupational exposures that it would confound the association between occupational exposure and melanoma. For exposure to the sun we had information on place of birth, and a residential history before the age of 15, as there is some suggestion that the risk of melanoma is related to country of residence in childhood.8 However, we found that almost all of our subjects were born in Canada or northern Europe and had lived in these countries for the first 15 years of their lives. We were not able to collect detailed individual data on adult exposure to sun, and there may be some residual confounding after control for socioeconomic status if certain occupations, industries, or less probably, substances are associated with particular patterns of exposure to the sun.
We limited our analysis to those 118 occupational circumstances in which there were more than four exposed cases. Most of these did not seem to increase the risk of melanoma. This included several substances for which there were many exposed cases, such as petrol engine emissions (OR 1 1, 95% CI 0-7-1-8), solvents (OR 0-8, 95% CI 0-5-1-3), carbon monoxide (OR 1-0, 95% CI 06-1-5), and polycyclic aromatic hydrocarbons from petroleum (OR 09, 95% CI 0-6-1-4). In a bid to avoid the bias resulting from the publication of only so called positive results (those which are significant) we have listed the substances, occupations, and industries which did not significantly increase the risk of melanoma in the appendix of this paper. For many of the circumstances listed in the appendix, the statistical precision of our estimates was poor and consequently the lack of association is not well supported. For instance, one of the few occupations for which there have been some suspicions raised about a risk of melanoma is electrical power workers. However, many of the previous reports have had three or fewer incident cases or deaths and larger studies have failed to find any increase in risk.9-12 Our result was not significant but it cannot be considered as strong evidence against the hypotheSiS.
As may be expected in a study in which multiple comparisons were performed, there were two substances for which we found a significantly decreased risk of melanoma. Chance, or uncontrolled confounding seem more likely explanations for these findings than any true biologically protective effect.
The only published study similar to ours was a case-control study of 140 incident melanomas in the Netherlands."3 These investigators had information on potential confounders (including complexion, number of naevi, and exposure to the sun) and a history of each subject's occupations and industries. However, they had access only to self reports of exposure to substances and in their paper they did not systematically analyse risk in relation to these self reports. Nelemans et all' reported several risk factors which we did not find or were not able to examine in our data. Among industries, they found a significantly increased risk of melanoma in the metal industry (OR 2-5, 95% CI 1-1-5-6), whereas we found only a hint of an increased risk in the metal fabricating and machining industry (OR 1-4, 95% CI 0 6-3-2). They also found a risk of 1 9 (95% CI 0 8-4 4) for workers in the transport and communication branch, whereas we found no increase in workers in air, motor, or railway transport, and could not examine communication workers.
For occupations, we found that miners and quarrymen had three to seven times the risk of incident melanoma, based on five exposed cases. A cohort study of gold and coal miners found an increased risk of mortality from melanoma but this was based on only three deaths and could easily have represented a chance finding.'4 The associations we found between melanoma and services to business, and the occupations of warehouse clerk and salesman echo previous reports.'5 16 These are very broad occupational groups and it is difficult to imagine exposure to substances which such a diverse group could have in common. There is some evidence that fluorescent lighting may be a risk factor for melanoma'7 but we had no information on this exposure.
For industries, we found a significantly increased risk in the manufacture of electrical and electronic products (OR 2A4, 95% CI 1 0-5-9), whereas the Dutch case-control study mentioned previously found a slight increase in risk in the electronics industry (OR 1-5, 95% CI 0-5-4-4)." There has also been a report of a fourfold excess of deaths due to melanoma in workers who had been engaged in the manufacture of electrical capacitors (based on eight deaths)'8 and a report of no increase in either incidence or mortality from melanoma in a cohort of semiconductor workers (based on three deaths and 13 incident cases).'9 We found an increased risk for melanoma among workers involved in the manufacture of clothing (OR 4 1, 95% CI 1 7-9-8) but not among those working in the manufacture of textiles (OR 06, 95% CI 0-1-4-9). The ORs were also raised in those exposed to fabric dust (OR 2-6, 95% CI 1 1-6-0), and wool fibres (OR 2-6, 95% CI 0 9-7 3). The case-control study in the Netherlands" found no association between work in the textile industry and melanoma (OR 1 1, 95% CI 0.5-2.4). A study using cancer registry data20 found no increased proportional incidence ratio for melanoma among clothing workers in England and Wales (nine exposed cases), but a significant increase in the standardized registration ratio for this occupation in Sweden (22 exposed cases). A study of a cohort of synthetic textiles workers found no raised risk of melanoma (based on four deaths).2'
For exposure to substances, we found an association between melanoma and exposure to plastic dust (seven exposed cases) but the 95% CIs for the ORs overlapped 1-0. A study using cancer registry data found an increased proportional cancer incidence ratio in workers from the rubber and plastic products industry but only among white workers. 22 Our finding of an increased risk in workers exposed to trichloroethylene was not confirmed in studies of exposed cohorts of workers at an aircraft maintenance company,23 nor in several studies of dry cleaning workers.24 26 However, all these results were based on very small numbers of deaths or incident cases. The relations between melanoma and synthetic adhesives and between melanoma and our rather idiosyncratic grouping of "paints used on surfaces other than metal and varnishes used on substances other than wood" do not seem to have been examined previously.
Our case-control study on occupational circumstances and melanoma was based on pathologically confirmed diagnosis of cancer incidence, included detailed exposure assessment of hundreds of substances, and took account of potential confounding factors although some residual confounding may remain. Of the 118 occupational circumstances examined in this analysis, only two industries, three occupations, and four substances gave raised ORs which were significant at the 5% level. There is some previous evidence on (10) , alkali, caustic solutions (6), C-C4 alkanes (10), C5-CQ, alkanes (22) , C,,+ alkanes (18), aliphatic alcohols (9) , aliphatic aldehydes (15), alumina (8) , aluminium compounds (10), ammonia (8), amphibole asbestos (5), arc welding fumes (6), benzene (10), benzo(a)pyrene (10) , biocides (5), calcium carbonate (5), calcium oxide (5), calcium oxide fumes (5), calcium sulphate (9) , carbon monoxide (42), carbon tetrachloride (6), cellulose (6), chlorinated alkanes (8), chromium (vi) compounds (5), chromium compounds (11) , cleaning agents (9), concrete dust (9), copper compounds (5), cotton dust (9), chrysotile asbestos (11), crystalline silica (16), diesel engine emissions (10), engine emissions (37), excavation dust (7), formaldehyde (11) , gas welding fumes (7) , hydrogen sulphide (5), hydrogen chloride (5), inks (5), inorganic acid solutions (12) , inorganic insulation dust (10), inorganic pigments (5), iron compounds (14) , iron fumes (5), iron oxides (5), lead compounds (37), leaded petrol (6), liquid fuel combustion products (6), lubricating oils and greases (17) , metal oxide fumes (13), metallic dust (17), methane (6), methanol (5), mild steel dust (9) , mineral spirits (6), mineral spirits used before 1970 (9), monoaromatic hydrocarbons (22) , nickel compounds (6), nitrogen oxides (15), organic dyes and pigments (5), polyaromatic hydrocarbons (PAH) from any source (57), PAH from petroleum (54), PAH from sources other than coal, wood, or petroleum (14) , polyester fibres (5), portland cement (5), pyrolysis fumes not classified elsewhere (11) , soldering fumes (8), solvents (33), soot (6), stainless steel dust (5), sulphur dioxide (14) , sulphuric acid (7), synthetic fibres (7), tin compounds (9), toluene (5), urea-formaldehyde (5), wood dust (11) , zinc compounds (6). Industries Accommodation and food (5), air transport (6), chemical products (6), communications (5), construction (16) , defence services (17) , education (6), finance, insurance, and real estate (13) , government (7), metal fabricating and machining (11) , motor transport (8), railway transport (5), retail trade (12) , services to business (19) , textiles (5), transport equipment other than aircraft manufacture (5), wholesale trade (16) .
Occupations
Administrators and managers (23) , construction workers (8), electrical power workers (5), mechanics (5), motor transport workers (10), physical scientists (14) , police, guards, and firemen (15) , warehouse workers (6). 
